' shortly after first isolating Clostridium histolyticum, demonstrated that broth filtrates are lethal for laboratory animals when injected intravenously. These same preparations injected intramuscularly into the thighs of experimental animals resulted in rapidly progressive histolytic lesions. (The pathology of these lesions has been described in detail by Pasternack and Bengtson!). Later, Mitae reported the production of a heat labile hemolysin in liver broth culture filtrates.
Stewart,' in a detailed investigation of the production of toxin by C. histolyticum, found that potent toxins could be produced in a peptone-meat infusion broth at pH 7.6. Toxic activity reached a maximum after incubation for 13 to 15 hours at 370 C., and then fell off sharply. She also showed that the addition of 2 per cent glucose to media containing Parke-Davis peptone markedly increased the yield of toxin and resulted in the production of a potent hemolysin. This stimulating effect was attributed to "the reducing action of the glucose" for the following reasons: (i) other reducing sugars had the same effect while non-reducing sugars did not; (ii) glucose is not metabolized by C. histolyticum and its presence fails to result in increased growth of the organism; and (iii) the presence of glucose in Parke-Davis peptone media was shown to accelerate the reduction (as indicated by reduction of various dyes) of the medium by C. histolyticum. Furthermore, she found that media containing Witte peptone, which is rich in reducing sulfhydryl groups, would bring about the production of potent lethal and hemolytic toxins whether or not glucose was added.
Sigler' confirmed Stewart's findings regarding the production of toxin and hemolysin. On the basis of the similar conditions required for the production of lethal toxin and hemolysin, he suggested that the two activities are due to a single substance. It is the purpose of this investigation to examine his suggestion in greater detail. Should they prove to be identical, hemolytic activity might provide a convenient in vitro method of assaying for lethal toxicity as is now the case with the alpha toxin of C. perfringens.
MATERIALS AND METHODS
Ten strains of C. histolyticum from various sources were examined in an effort to find a morphologically and physiologically typical one which was capable of producing filtrates highly toxic for mice upon intravenous injection. Dr. R. S. Spray's strain H32, which was received from the National Institutes of Health, was selected as the organism best meeting these requirements and was used throughout this study.
The basic formula for the toxin medium and a supply of papain digest of liver cake, its primary ingredient, were very kindly supplied by the Lederle Laboratories at Pearl River, New York. The medium, as modified by us, has the following formula:
Dried papain digest of liver cake 40 g. Rabbit red blood cells (RBC) prepared fresh daily as a 2 per cent suspension in saline were used in testing hemolysis. One ml. each of Rsc suspension and broth filtrates or supernates (in serial two-fold dilutions) were mixed in Wassermann tubes and incubated in a 37°C. water bath for two hours. The tubes were read at this time and again after storage overnight at 4°C. The degree of hemolysis was determined macroscopically and the individual tubes assigned a value of 4, 3, 2, 1, or 0 to represent approximately complete, 75 per cent, 50 per cent, 25 per cent, and no hemolysis respectively. The data are presented as the "sum of degree of hemolysis" (SDH) which represents the total of the individual readings for all dilutions in any one titration. EXPERIMENTAL Toxin production in relation to growth. Cultures of strain H32 were grown in freshly autoclaved flasks of broth as already described, and samples were withdrawn at intervals for testing. Turbidity, as determined at 650 mix. on the Klett-Summerson colorimeter, was used to measure growth.
The toxic and hemolytic activities of broth supernates were determined in the manner described. A comparison of these three properties (average values from five individual experiments) is shown in Figure 1 .
These findings confirm the reports of Stewart' and Sigler' regarding the early toxin production and subsequent rapid decline in activity. It is also evident that the production of toxin and hemolysin is directly correlated with the logarithmic phase of growth of the organism, a period ending usually after 9-12 hours of incubation. At the conclusion of the logarithmic phase, lethal and hemolytic activities fall off rapidly so that within approximately three hours the LD5o has dropped two-fold. dicated that supernates stored overnight at 40 C. showed no loss in lethal activity but a marked decrease in hemolytic activity. When hemolysin so stored was tested in the presence of a final concentration of 0.1 per cent sodium thioglycollate, however, it again showed its original activity.
Aliquots of broth supernates (or filtrates) were stored in various atmospheres at 40 C., and tested at intervals of 1, 3, and 7 days for hemolytic and lethal toxicities. Twenty ml. of a broth supernate preparation were placed in each of four 500 ml. Erlenmeyer flasks, thereby providing a large surface area for a small volume of fluid. The atmosphere in one flask was replaced with oxygen and the flask was tightly stoppered immediately. The second flask was similarly prepared with air, the third with nitrogen, and the fourth with nitrogen after the addition of sodium thioglycollate (0.1 per cent) to the supernate. Testing for hemolytic activity was done by two methods: by simple mixing of hemolysin and RBC as already described (non-reduced), and by adding sodium thioglycollate, to a final concentration of 0.1 per cent, to the mixture of RBC and hemolysin immediately before immersing in the water bath (reduced).
The findings of a typical study with broth supernates (Table 1) show that, even in the most reduced preparations, hemolytic activity is slowly lost, inactivation being most pronounced in an oxygen-laden atmosphere.
Only part of the activity lost can be recovered by testing in the presence of a reducing agent. In this property it resembles tetanolysin, which Neill' found to be only partially reactivated by reduction. On the basis of this Adsorbed at 50 C. 500 0
Control at 50 C. 500 16 *For dilutions 1: 2, 1: 4, 1: 8, and 1: 16. equal amounts in the cold. The mixture was held at 50 C. for two hours, then centrifuged to remove the RBC before lysis occurred. The resulting supernate was then tested for both lethal and hemolytic activities. The control was simply diluted with an equal amount of saline and incubated with the test mixture at 50 C.
The results (Table 3) indicate that the hemolysin can be adsorbed by RBC leaving the lethal toxin with unchanged activity in the supernate.
Effect of proteolytic enzymes. Enzyme solutions were prepared by filtering 0.1 per cent suspensions of each enzyme (Pepsin, Lilly USP; trypsin, Pfanstiehl 1: 110; and papain, "Caroid" of Amer. Ferment Co.). The enzyme solution and broth supernates (or filtrates) were mixed in equal amounts, and the reactions of the mixtures adjusted with dilute sodium hydroxide or hydrochloric acid. (In the case of papain digestion, thioglycollate was added to a final concentration of 0.1 per cent before adjusting the pH.) Following incubation for two hours at 370 C., the mixtures were readjusted to pH 7.0 and tested in the routine manner for lethal toxicity and hemolysin. Controls were prepared in exactly the same manner, except that saline was substituted for the enzyme solution.
The findings and experimental conditions of a typical experiment are given in Table 4 . The lethal toxin is inactivated by both trypsin and papain. The low pH used in pepsin digestion is so destructive in itself that the difference in potency between pepsin-treated and control material is slight. However, this difference appeared consistently in repeated experiments and probably actually represents breakdown by pepsin.
The temperature of digestion used, 370 C., is high enough to bring about considerable inactivation of the hemolysin (see controls in Table 4 ), so that definite enzyme inactivation is evident only in the case of papain. When the above experiment was carried out at 250 C. and under slightly different conditions of pH, all three enzymes appeared capable of inactivating the hemolysin (Table 5 ).
SUMMARY AND CONCLUSIONS
A liver digest broth medium containing 2 per cent glucose is found to be satisfactory for the production of lethal toxin and hemolysin by C. histolyticum. Toxin production parallels the phase of most active growth of the organism, reaching a maximum at the end of the logarithmic phase (9-12 hours) following which there is a rapid decline in both hemolytic and toxic activity.
The hemolysin of C. histolyticum is an exceedingly unstable substance readily inactivated by heat, acid, or alkali, and surface denaturing forces such as violent agitation. The hemolysin is inactivated within a few days by storing in the presence of air in the cold, and the activity lost can be partially recovered by reduction.
In contrast to the hemolysin, the lethal toxin of C. histolyticum is indifferent to oxidation and surface denaturation forces. It is somewhat more resistant to heat and shows a different pattern of pH stability. This comparison does not support the suggestion that the two activities are different manifestations of a single substance. These differences might still be explained on the hypothesis that the two activities represent distinct reactive groupings on the same molecule. However, the demonstration that hemolytic activity can be selectively adsorbed from the filtrates, leaving the lethal toxicity unchanged, is direct evidence for their lack of identity. Both the lethal toxin and hemolysin can be inactivated by proteolytic enzymes, suggesting that both are proteins or protein complexes.
